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DISCLAIMER 

 

This document is a draft document prepared under a federal unilateral administrative order.  This 

document has not undergone formal review by U.S. Environmental Protection Agency (EPA).  

The opinions, findings, and conclusions expressed are those of the author and not necessarily 

those of EPA. 
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1.0 INTRODUCTION 

 

This 2003 Annual Monitoring Report, prepared on behalf of Vermont American Corporation, 

summarizes Long-Term Monitoring Plan (LTMP) activities conducted at the Parker Landfill 

(Figure 1) in 2003.  The monitoring activities were performed in accordance with the LTMP 

developed pursuant to an Administrative Order for Remedial Design and Remedial Action.  This 

report summarizes field activities performed during 2003; presents validated analytical data and 

field measured water quality indicator data collected during 2003; and presents an analysis of the 

data.  Water level and field indicator parameter measurements as well as historical analytical 

data are reported in summary tables included with this report. 

 

In addition to the introduction, this report is presented in the following three sections: 

• Section 2.0 - Field Activities and Methods 

• Section 3.0 - Data Analysis 

• Section 4.0 - Conclusions 
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2.0 FIELD ACTIVITIES AND METHODS 
 

The following LTMP activities were conducted at the Parker Landfill using protocols described 

in the LTMP: 

• Water level measurements were collected from designated monitoring wells (as 
accessible) located in the vicinity of the Parker Landfill and from a staff gage in the 
Passumpsic River during discrete events in January, April, July and October 2003.  The 
water level data collected during the monitoring events were incorporated into the 
existing water level database and were used to develop groundwater elevation contour 
maps discussed in Section 3.1.  Water level elevation data for the monitoring wells are 
presented in Table 1. 

• Groundwater samples were collected from 45 monitoring wells during semiannual 
monitoring events performed in April and October 2003 (Figure 2).  During each event 
samples were collected in accordance with the LTMP.  The following field parameters 
were monitored and recorded during purging using a flow-through cell:  pH, temperature, 
specific conductance, turbidity, redox potential and dissolved oxygen.  These same 
parameters were measured in grab samples collected from monitoring wells sampled by a 
Waterra inertial sampling pump (i.e., B-113A and B-120D) and by a disposable bailer 
(i.e., B-102A, B-103A and B-144A).  Sample data sheets for the October 2003 
monitoring event are included in Appendix A.  Sample data sheets for the April 2003 
monitoring event were previously submitted to EPA.  Final measurements of indicator 
parameters collected immediately prior to sample collection for both of the 2003 
monitoring events are summarized in Table 2. 

Following indicator parameter stabilization, samples were collected directly from the 
discharge line of the pump into clean laboratory sample containers for analysis of volatile 
organic compounds (VOCs) using SW-846 Method 8260B and Target Analyte List 
(TAL) metals.  Samples collected from select monitoring wells were also analyzed for 
semivolatile organic compounds (SVOCs) using SW-846 Methods 8270C, 8270C 
SIMSCAN, and 8151A; and ethane, ethene, methane and propane using R.S. Kerr 
laboratory method RSK-175.  Table 3 summarizes analyses performed for each 
monitoring well location during the 2003 monitoring events.  Analytical results for 
organic compounds and metals for the groundwater samples collected during 2003 are 
provided in Appendix B as part of the historical LTMP monitoring data.  Results for 
groundwater samples that exhibited exceedances of the Interim Groundwater Cleanup 
Levels (IGCLs) for the above analyses in April and October 2003 are provided in Table 
4. 

• Surface water and sediment samples were collected during the April and October 2003 
monitoring events from three locations (Figure 2).  At each location, surface water 
samples and sediment samples were collected in accordance with the LTMP.  Surface 
water field indicator parameters measured in situ are summarized in Table 2.  Samples 
were analyzed for VOCs using SW-846 Method 8260B and for TAL metals.  Analytical 
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results for organic compounds and metals detected in surface water and sediment samples 
collected during 2003 are provided in Appendix B as part of the historical LTMP 
monitoring data.  Results for surface water and/or sediment samples that exhibited 
exceedances of the respective standards for VOCs and metals are provided in Tables 5 
and 6, respectively. 

• Three additional surface water and sediment samples were collected during the October 
2003 monitoring event from the Passumpsic River (Figure 2).  At each location, surface 
water samples and sediment samples were collected in accordance with the LTMP.  
Surface water field indicator parameters measured in situ are summarized in Table 2.  
Samples were analyzed for VOCs using SW-846 Method 8260B and for TAL metals.  
Analytical results for organic compounds and metals detected in surface water and 
sediment samples collected during 2003 are provided in Appendix B as part of the 
historical LTMP monitoring data.  Results for surface water and/or sediment samples that 
exhibited exceedances of the respective standards for VOCs and metals are provided in 
Tables 5 and 6, respectively. 

• An EPA modified Region 1 Tier I-type technical data review was performed on the 
analytical data in accordance with the letter to EPA dated March 26, 2003.  The technical 
review was performed to verify that the data are valid and useable for fulfilling the 
objectives of the Long-Term Monitoring program.  Results of the EPA modified Region 
1 Tier I-type technical data review and technical review actions were applied to the data 
for samples collected during the April and October 2003 monitoring events.  Analytical 
data presented in this report are validated data. 

• Purge water generated during the April and October 2003 monitoring events from 
monitoring wells historically exhibiting concentrations of VOCs exceeding Interim 
Groundwater Cleanup Levels (IGCLs) was containerized and treated on-site using a 
liquid-phase granular-activated carbon (GAC) treatment canister.  Containerized purge 
water was pumped through the GAC canister and then recontainerized in 55-gallon 
Department of Transportation (DOT) drums pending testing of the final treatment system 
effluent for breakthrough.  The effluent sample was analyzed for VOCs using SW-846 
Method 8260B.  Volatile organic compounds were not detected in the effluent sample 
(PKR-TST-CARBON4) collected following the April 2003 or the effluent sample (PRK-
TST-CARBON8) collected following the October 2003 monitoring events.  The treated 
groundwater was subsequently discharged.  Purge water generated during the October 
2002 monitoring event that did not meet the discharge criteria was subsequently retreated 
during the April 2003 sampling event, verified to meet discharge criteria by means of the 
April 2003 effluent sample analysis, and subsequently discharged.  Validated laboratory 
data for the effluent samples have been provided as part of the historical LTMP 
monitoring data in Appendix B. 
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3.0   SUMMARY OF FINDINGS 

 

This section provides an assessment of the data collected during 2003 for groundwater flow 

conditions (Section 3.1), groundwater quality (Section 3.2), surface water quality (Section 3.3) 

and sediment quality (Section 3.4). 

 

3.1 GROUNDWATER FLOW DIRECTION 

 

Depth to water measurements collected from the monitoring wells during January, April, July 

and October 2003 were used in conjunction with the May 2000 and August 2003 field survey 

data to determine groundwater elevations across the study area.  These data were incorporated 

into the historical water level database are presented in Table 1.  Based upon a review of these 

data, measured water levels appear to be consistent with historical data.  However, based upon a 

review of data collected since 1999, water level elevations in all monitoring wells exhibit long-

term decreasing trends. 

 

Groundwater elevation equipotential contour maps are provided for the shallow overburden 

(Figures 3 and 4), deep overburden top-of-rock (Figures 5 and 6), and bedrock (Figure 7 and 8) 

groundwater flow systems corresponding to the April and October monitoring events.  The 

groundwater equipotential contour maps were developed to assess groundwater flow patterns 

existing at the time of sampling, and for comparison with historical groundwater flow directions. 

 

Groundwater flow patterns depicted on Figures 3 through 8 are consistent with historical flow 

patterns.  In summary: 

• Shallow overburden groundwater flows in a southwesterly direction across the SWDA 
from upland areas east of IWS-3 and the unnamed stream.  Shallow overburden 
groundwater south of the SWDA flows in a south-southwesterly direction.  Shallow 
overburden groundwater flow is interpreted to discharge to the Passumpsic River, where 
the surface water elevation is lower than, or comparable to, the water table in adjacent 
monitoring wells to the east and west (i.e., B-120A, B-126S, and B-140). 

• Deep overburden groundwater is interpreted to flow from the area east of the landfill 
across IWS-3 and the eastern portion of the SWDA in a westerly direction.  At the west 
side of the SWDA, deep overburden groundwater flows in a southwesterly direction 
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towards the Passumpsic River.  As detailed in previous monitoring reports, deep 
overburden groundwater from the top-of-rock zone is interpreted to discharge to the 
Passumpsic River. 

• Bedrock groundwater flows in a westerly-southwesterly direction from the vicinity of the 
SWDA towards the Passumpsic River.  Based upon upward vertical hydraulic gradients 
observed at monitoring well location B126, which is located near the Passumpsic River, 
bedrock groundwater is interpreted to discharge to the Passumpsic River. 

 

3.2 GROUNDWATER QUALITY 

 

3.2.1 Field Indicator Parameters 

 

As discussed in Section 2.0, field indicator parameters for groundwater (i.e., temperature, pH, 

specific conductance, redox potential, dissolved oxygen, and turbidity) were measured during 

LTMP monitoring events performed during 2003.  These data were used to identify when a 

sufficient volume of water had been purged from each monitoring well to allow for the collection 

of representative groundwater samples, as well as to provide data to assess geochemical 

conditions in groundwater across the study area.  In accordance with the LTMP, surface water 

samples were measured for pH, temperature, and specific conductance. 

 

Stabilized field indicator parameter measurements collected from sampling locations during the 

monitoring events performed during 2003 are summarized in Table 2 along with stabilized field 

indicator parameter measurements collected from monitoring wells sampled during previous 

LTMP events.  The April and October 2003 data are summarized in the following paragraphs 

and also depicted on Figures 9-12 for top-of-rock and bedrock groundwater. 

 

Temperature 

 

Groundwater temperatures for samples collected from monitoring wells during 2003 ranged from 

5.0 to 15.0 degrees Celsius (oC).  Average groundwater temperatures in bedrock were 9.2 oC, in 

top-of-rock were 9.9 oC, and in shallow overburden were 10.1 oC.  In general, water temperatures 
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collected during the April and October 2003 monitoring events were consistent with the range of 

groundwater temperatures measured during prior events. 

 

The temperature of the surface water samples ranged from 5.5 oC to 14.5 oC. 

 

pH 

 

The pH of groundwater ranged from 6.23 to 12.17.  For the majority of monitoring wells, the pH 

of groundwater was within 0.2 pH units of the expected range of 6.0 to 8.5 for natural 

groundwater systems (Hem, 1985)1, however some monitoring wells located in top-of-rock and 

bedrock exhibited groundwater with elevated pH conditions.  The calcareous phyllite/limestone 

bedrock formation is likely responsible for the elevated pH measurements in some bedrock and 

top-of-rock monitoring wells. 

 

The pH of surface water ranged from 7.24 to 8.10, similar to the range observed during previous 

sampling events. 

 

Specific Conductance 

 

Specific conductance in groundwater ranged from 51 micromhos per centimeter (umhos/cm) to 

1,643 umhos/cm.  In general, specific conductance measurements were similar (i.e., within the 

same order of magnitude) to measurements obtained during other recent sampling events. 

 

The specific conductance of surface water from the unnamed stream ranged from 144 to 355 

umhos/cm during 2003 and was consistent with the historical data range. 

                                                                 
1 Hem, J.D., 1985.  “Study and Interpretation of the Chemical Characteristics of Natural Water”.  Third Edition.  
United States Geological Survey Water Supply Paper 2254. 
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Redox Potential 

 

The redox potential of groundwater measured during monitoring events performed during 2003 

ranged from +319.2 millivolts (mV) to –447.5 mV. 

 

The majority of the shallow overburden monitoring wells sampled during the 2003 monitoring 

events exhibited positive redox potentials (i.e., oxidizing conditions) as shown on Table 2.  The 

two exceptions, monitoring wells B-119B and B-131B, are screened deeper in the aquifer and 

may not be indicative of conditions at the water table.  The majority of the top-of-rock 

monitoring wells and bedrock monitoring wells exhibited negative redox values (i.e., reduced 

conditions) during both monitoring events performed during 2003.  Positive redox potentials 

were observed during both monitoring events in top-of-rock monitoring wells B-132 and B-

144B.  Positive redox potentials were noted in four monitoring wells (B-119D, B-126B, B-143 

and B-144C) during the April 2003 sampling event, however reducing conditions were noted in 

all bedrock monitoring wells during the October 2003 sampling event. 

 

Redox potentials recorded at the surface water monitoring locations in the unnamed stream 

ranged from –7.5 mV to 211.0 mV during the 2003 monitoring events. 

 

Dissolved Oxygen 

 

Dissolved oxygen concentrations measured in groundwater during 2003 ranged from 0.12 

milligrams per liter (mg/l) to 14.42 mg/l.  Higher dissolved oxygen concentrations were reported 

at monitoring wells that were sampled using a bailer (B-102A, B-103A and B-144A).  

Consequently, dissolved oxygen results for these monitoring wells, as well as data for B-113A 

and B-120D which were sampled using a Waterra inertial pump are potentially over-reported and 

may not be representative of dissolved oxygen concentrations at these locations. 

 

Consistent with historical data, shallow overburden groundwater generally exhibited the highest 

concentrations of dissolved oxygen.  Dissolved oxygen results for both the top-of-rock and 
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bedrock monitoring wells were significantly lower and generally indicative of anaerobic or near-

anaerobic aquifer conditions. 

 

The elevated dissolved oxygen concentrations associated with the non-bailed shallow overburden 

groundwater wells (e.g., B-118A, B-120A,  B-121OW, B-126S, B-136A, B-138A, B-139A, B-

201OW, MW-4A) are consistent with previous sampling results and are probably attributable to 

oxygen-loading from precipitation recharge. 

 

Turbidity 

 

Turbidity was measured during monitoring well purging to provide a quantitative assessment of 

the amount of suspended solids and colloids in groundwater that could affect laboratory 

analytical data.  Turbidity measurements greater than 5 nephelometric turbidity units (NTU) are 

often cited by regulatory agencies as a target goal, below which impacts on metal concentrations 

are negligible.  Sixteen of the 45 wells sampled during 2003 exhibited turbidity measurements 

less than or equal to 5 NTU during both the April and October monitoring events.  Metals results 

for samples collected from the other 29 wells could be affected by turbidity, with metal 

concentrations potentially biased high due to entrained solids and colloids from the soil or rock 

matrix possibly adding a non-dissolved fraction to the observed inorganic metal concentrations.  

Review of historical data for both total and dissolved metals results has indicated a strong 

correlation between turbidity and metal concentrations. 

 

3.2.2 Laboratory Analytical Results 

 

This section presents groundwater laboratory analytical results for samples collected during the 

April and October 2003 monitoring events. 

 

3.2.2.1 Study Area Groundwater 

 

As discussed in Section 2.0, groundwater samples were collected from 45 monitoring wells 

during the 2003 monitoring events.  Samples collected from each monitoring well were analyzed 
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for VOCs and TAL metals.  In addition, selected well locations were analyzed for ethene, ethane, 

methane, and propane, and SVOCs.  Table 3 provides a summary of parameters analyzed at each 

monitoring well.  The analytical data collected from the April and October 2003 monitoring 

events are compiled in Appendix B as part of the historical LTMP data set. 

 

Consistent with previous long-term monitoring reports, monitoring wells have been 

differentiated by their location relative to the landfill to facilitate a discussion of the analytical 

data.  Locations include: 

• Background wells situated hydraulically upgradient or cross-gradient of the landfill 
which are not anticipated to be affected by landfill activities; and, 

• Downgradient wells located hydraulically downgradient of the landfill, which are 
anticipated to be potentially affected by landfill activities.  Downgradient water quality 
data is presented separately for each groundwater flow system (i.e., shallow overburden, 
top-of-rock, and bedrock). 

 

Groundwater data collected from each of these locations are discussed in the following 

paragraphs. 

 

Background Groundwater 

 

Based upon groundwater equipotential contours presented on Figures 3 through 8, and consistent 

with previous LTMP reporting, the following monitoring locations sampled during the 2003 are 

considered to be representative of background conditions: 

• Shallow overburden monitoring wells B-144A and B-121OW; 

• Top-of-rock monitoring wells B101B, B-144B, and B-122; and, 

• Bedrock monitoring wells B-143 and B-144C. 

 

With the exception of a low concentration of carbon disulfide (0.000082 mg/l) detected in the 

sample collected from monitoring well B144C during October 2003, VOCs were not detected in 

groundwater samples collected from background monitoring wells.  Carbon disulfide is a 

common laboratory artifact detected in environmental samples.  Carbon disulfide does not have 
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an IGCL.  Antimony, arsenic, copper, selenium and silver were not detected in samples collected 

for total metals analysis from the background monitoring well locations during 2003.  

Aluminum, barium, calcium, chromium, cobalt, iron, magnesium, manganese, nickel, potassium, 

sodium, vanadium and zinc were consistently detected in samples collected during the 2003 

monitoring events from each background monitoring well location.  The remaining TAL metals 

(i.e., antimony, arsenic, beryllium, cadmium, copper, lead, mercury, selenium, silver, thallium) 

were detected at one or more background sample location.  As indicated in Table 4, the 

following analytes exceeded IGCLs in the background monitoring wells: 

• Manganese in the October 2003 sample collected from top-of-rock monitoring well B-
144B; and, 

• Vanadium in samples collected from shallow overburden monitoring wells B-121OW 
(April 2003) and B-144A (April and October 2003), in top-of-rock monitoring well B-
144B (April and October 2003) and bedrock monitoring well B-143 (October 2003). 

 

Exceedances of IGCLs for COCs in shallow overburden, top-of-rock, and bedrock groundwater 

are shown on Figures 13 through 18. 

 

It should also be noted that for some samples the achievable laboratory detection limit for 

thallium and vanadium exceeded the corresponding IGCL in April and October 2003. 

 

Downgradient Shallow Overburden Groundwater 

 

Fourteen shallow overburden monitoring wells located hydraulically downgradient of the SWDA 

and/or IWS-areas were sampled during the 2003 monitoring events including monitoring wells 

B-102A, B-103A, B-113A, B-118A, B119B, B-120A, B-126S, B-131B, B-133, B-136A, B-

138A, B-139A, B-201OW and MW-4A. 

 

Consistent with previous LTMP monitoring events, VOCs were not detected in the following 

wells: B-102A, B-113A, B-131B, and B201OW.  Concentrations of total VOCs in the ten 

remaining shallow overburden monitoring wells ranged from 0.00039 mg/l at B-138A (April 
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2003) located west of SWDA to 8.948 mg/l at B-133 (April 2003) located downgradient of IWS-

3.  The following compounds were detected in samples collected from one or more shallow 

overburden groundwater locations: trichloroethene, 1,1,1-trichloroethane, 1,1-dichloroethane, 

1,1-dichloroethene, cis-1,2-dichloroethene, trans-1,2-dichloroethene, tetrachloroethene, 4-

methyl-2-pentanone (MIBK), acetone and methylene chloride. 

 

Six shallow overburden monitoring wells (i.e., monitoring wells B-103A, B-133, B-136A, B-

138A, B-139A, and MW-4A) were sampled for ethane, ethene, methane and propane during 

2003.  Ethane was detected at a concentration of 0.00030 mg/l in B-133 in April 2003.  Methane 

was detected in samples collected from monitoring well B-138A at a concentration of 0.0014 and 

0.012 mg/l in April and October 2003, respectively.  Methane was also detected in B-133 at a 

concentration of 0.0077 mg/l (April 2003), B-139A at a concentration of 0.00024 mg/l (April 

2003) and in a duplicate sample collected from B-139A (B139AQ) at a concentration of 0.00022 

mg/l (April 2003). 

 

Consistent with previous LTMP monitoring events, VOCs were reported at concentrations 

exceeding the respective IGCL for samples collected from select shallow overburden monitoring 

wells, as shown in Figures 13 and 14 and tabulated in Table 4.  These VOCs and associated 

samples for both April and October 2003 include: 

• trichloroethene in samples collected from B-103A, B-133, B-136A, B-139A, and B-
139AQ; 

• cis-1,2-dichloroethene in samples collected from B-133, B-139A and B-139AQ; 

• methylene chloride in samples collected from B-133 (April 2003 only); and, 

• tetrachloroethene is samples collected from B-103A, B-133, B-136A, B-139A and B-
139AQ. 

 

Also depicted on Figures 13 and 14 is the total halogenated VOC (HVOC) concentration, which 

represents select halogenated compounds, specifically those associated with chlorinated aliphatic 

compounds in addition to methylene chloride.  As expected, shallow overburden monitoring 
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wells exhibiting the greatest impacts are located adjacent to the landfill and immediately 

downgradient of former industrial waste disposal area IWS-3. 

 

TAL metals most frequently detected in the downgradient shallow overburden groundwater 

include aluminum, barium, calcium, chromium (total), iron, magnesium, manganese, nickel, 

potassium, and sodium.  Concentrations of certain metals detected in shallow overburden 

groundwater samples downgradient of the landfill during 2003 were above IGCLs, as shown on 

Figures 13 and 14 and compiled in Table 4.  These include: 

• nickel in monitoring well B-102A (April 2003), B-138A (April 2003), B201OW 
(October 2003); 

• lead in monitoring well B-102A (April 2003); 

• thallium in monitoring well B-102A (April 2003); 

• chromium in monitoring well B-102A (April 2003), B-133 (October 2003), B-138A 
(April 2003) and B-201OW (October 2003); 

• manganese at monitoring well B-102A (April and October 2003), B-113A (October 
2003) and B-201OW (October 2003); and 

• vanadium at monitoring wells B-102A (April and October 2003), B-103A (April and 
October 2003), B-113A (October 2003), B-133 (October 2003); B-139AQ (April 2003), 
B-201OW (October 2003). 

 

As noted previously, concentrations of vanadium exceeding the IGCL were detected in certain 

groundwater samples collected from shallow overburden background monitoring wells during 

2003.  Concentrations of manganese and thallium have also been historically detected at 

concentrations exceeding IGCLs in background monitoring wells.  These data suggest that 

concentrations of these analytes may be due, in part, to background conditions and not 

representative of landfill-related impacts.  Additionally, as discussed previously with EPA, the 

IGCL for vanadium (0.0002 mg/l) has been found not to be achievable for groundwater samples 

collected from the study area.  Therefore, the analytical detection limit of vanadium exceeds the 

IGCL by approximately an order of magnitude (typically 0.0019 mg/l). 



Draft 2003 Annual Long-Term Monitoring Report 
Parker Landfill - Lyndon, Vermont  Vermont American Corporation 
 

URS CORPORATION 13 January 16, 2004 
DRAFT  Q:\PROJECT \16606\011\October 2003\2003 annual report - draft.doc 
 

Downgradient Top-of-Rock Groundwater 

 

Fifteen downgradient top-of-rock monitoring wells were sampled during the 2003 monitoring 

events, including monitoring wells B-102B, B-103C, B-113BB, B-118B, B-119C, B-120C, B-

125A, B-126A, B-131C, B-132, B-136B, B-137B, B-138B, B-139B, and B-145B. 

 

Of these monitoring wells, VOCs were not detected in B-102B and B-103C.  Concentrations of 

total VOCs in the thirteen remaining top-of-rock monitoring wells ranged from an estimated 

concentration of 0.0030 mg/l at B-119C (April and October 2003) west of the SWDA to 7.866 

mg/l at B-136B (April 2003) located downgradient of IWS2.  Volatile organic compounds 

commonly reported in these groundwater samples (i.e., detected in more than half the samples) 

include acetone, benzene, 1,2-dichloropropane, cis-1,2-dichloroethene, trichloroethene, 1,1-

dichloroethane, 2-butanone, ethylbenzene, vinyl chloride, m/p-xylenes, toluene, and 4-methyl-2-

pentanone.  Other VOCs detected less frequently included 1,1,1-trichloroethane, 

tetrachloroethene, 1,2-dichloroethane, o-xylene, 2-hexanone, chloroethane, and trans-1,2-

dichloroethene.  Appendix B contains a complete set of data collected historically for the LTMP 

monitoring events. 

 

Certain VOCs were reported present at concentrations above IGCLs in top-of-rock monitoring 

wells B-113BB, B-120C, B-125A, B-126A, B-131C, B-132, B-136B, B-137B, B-138B and B-

145B as shown on Figures 15 and 16 and presented in Table 4.  Also depicted on these figures 

are the total HVOC concentrations and associated areas of impact for the April and October 2003 

monitoring events.  Volatile organic compounds detected at concentrations above IGCLs 

include: 

• trichloroethene in samples collected from B-113BB, B-120C, B-125A, B-126A, B-132, 
B-136B, and B-138B, and B-138BQ (duplicate of B-138B) during both the April and 
October 2003 sampling events; 

• cis-1,2-dichloroethene in samples collected from B-113BB, B-120C, B-126A, B-132, B-
136B, B-138B and B-138BQ during both the April and October 2003 monitoring events; 

• vinyl chloride in samples collected from B-113BB (April and October 2003), B-126A 
(April 2003), B-136B (April and October 2003), B-138B (April and October 2003) and 
B-138BQ (April and October 2003); 
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• tetrachloroethene in samples collected from B-132 and B-136B during both the April and 
October 2003 sampling events); 

• 1,2-dichloropropane in samples collected from B-113BB (October 2003), B-131C (April 
and October 2003), B-138B (April and October 2003), B-138BQ (April and October 
2003) and B-145B (April and October 2003); 

• benzene in a sample collected from B-136B (October 2003); 

• 2-butanone in the samples collected from B-113BB (April and October 2003), B-131C 
(October 2003), B-137B (April 2003), and B-138B (April and October 2003) and B-
138BQ (April and October 2003); and, 

• 1,2-dichloroethane in samples collected from B-113BB (October 2003), B-131C 
(October 2003), B-137B (April and October 2003), B-138B (April and October 2003) 
and B-138BQ (April and October 2003). 

 

Top-of-rock monitoring wells B-113BB, B-120C, B-125A, B-126A, B-131C, B-132, B-136B, B-

137B, and B-138B were sampled for ethene, ethane, methane, and propane during the 2003 

monitoring events.  With the exception of B-132, methane was detected in samples collected 

from each of the above monitoring wells at concentrations ranging from 0.019 mg/l at 

monitoring well B-125A (April 2003) to 44 mg/l in a sample collected from monitoring well B-

131C (October 2003).  Ethene was detected in one or more samples collected from locations B-

113BB, B-120C, B-131C, B-126A, B-136B, B-137B and B-138B at concentrations ranging from 

a concentration of 0.0018 mg/l in the sample collected from monitoring well location B-120C 

during April 2003 to 0.390 mg/l in the sample collected from monitoring well B-138B during 

October 2003.  Ethane was detected in one or more samples collected from B-113BB, B-120C, 

B-126A, B-131C and B-136B ranging in concentration from 0.00062 mg/l at monitoring well B-

120C (April 2003) to 0.032 mg/l at monitoring well B-113BB (October 2003).  Propane was not 

detected in samples collected from top-of rock monitoring wells sampled during 2003.  Results 

for ethene, ethane, propane, and methane in the top-of-rock monitoring wells are provided in 

Appendix B. 

 

In accordance with the LTMP (as revised in the project record), samples were collected from 

three downgradient top-of-rock monitoring wells during the 2003 monitoring events for SVOC 

analyses, including B-113BB, B-131C, and B-138B.  Di-n-butylphthalate, diethylthalate, 3/4-
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methylphenol, 2-methylphenol, 2,4-dimethylphenol, and phenol were detected in samples 

collected from one or more of these three monitoring wells.  3-Methylphenol/4-methylphenol 

was the only SVOC detected at concentrations exceeding the IGCL of 0.2 mg/l.  The SVOC 

results for these three monitoring wells during the 2003 monitoring events are presented in 

Appendix B along with the historical LTMP monitoring data. 

 

Metals that were not detected in top-of-rock monitoring wells include antimony, beryllium, 

selenium and silver.  The TAL metals most frequently detected include aluminum, barium, 

calcium, chromium, iron, magnesium, manganese, nickel, potassium, sodium and zinc.  

Concentrations of certain metals were detected at concentrations exceeding IGCLs in 

groundwater samples collected during the April and October 2003 monitoring events from 

downgradient top-of-rock monitoring wells as shown on Figures 15 (April 2003) and 16 

(October 2003) and Table 4 (April and October 2003).  Metals detected at concentrations above 

IGCLs include: 

• nickel in the sample collected from monitoring wells B-102B (October 2003) and B-
139B (April 2003); 

• chromium in samples collected from monitoring well B-102B (October 2003) and B-
139B (April 2003); 

• lead in the sample collected from monitoring well B-139B during April 2003; 

• vanadium in samples collected from monitoring wells B-102B (April and October 2003), 
B-113BB (April 2003), B-132 (April and October 2003), B-138B (April 2003), B-138BQ 
(April 2003), and B-139B (April and October 2003);  

• manganese in samples collected from monitoring wells B-102B (April and October 
2003), B-113BB (April and October 2003), B-119C (October 2003), B-125A (April and 
October 2003), B-132 (April and October 2003), B-136B (April and October 2003), B-
137B (April and October 2003), B-138B (April and October 2003), B-138BQ (April and 
October 2003)and B-139B (April and October 2003); and 

• thallium in the samples collected from monitoring well B-119C and B-139B during April 
2003. 

 

Analytical results for metals in groundwater samples are tabulated in Appendix B. 
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As with shallow overburden groundwater, the laboratory was unable to achieve detection limits 

at or below IGCLs for certain analytes during one or both sampling events performed during 

2003.  Analytes for which detection limits were higher than IGCLs include thallium and 

vanadium.  Additionally, as discussed with EPA, the IGCL for vanadium (0.0002 mg/l) has been 

found not to be achievable for groundwater samples collected from the study area, and therefore 

the analytical detection limit of vanadium exceeds the IGCL by approximately an order of 

magnitude (typically 0.0019 mg/l). 

 

Downgradient Bedrock Groundwater 

 

Nine downgradient monitoring wells were sampled during the 2003 monitoring events including 

monitoring wells B-118C, B119D, B-120D, B-125B, B-126B, B-132B, B-136C, B-139C, and B-

145C. 

 

Volatile organic compounds were detected in all nine bedrock monitoring wells during 2003.  

Concentrations of total VOCs detected in the bedrock monitoring wells ranged from 0.00383 

mg/l (April 2003) at monitoring well B-139C located south of the landfill to 1.485 mg/l (April 

2003) at monitoring well B-136C located downgradient of IWS-3 and the former IWS-2 

location.  Volatile organic compounds most commonly reported in these groundwater samples 

included 1,1-dichloroethane, acetone, cis-1,2-dichloroethene, trichloroethene and vinyl chloride.  

Other VOCs detected in bedrock monitoring wells include the following: 1,1,1-trichloroethane, 

benzene, carbon disulfide, 1,2-dichloroethane, methylene chloride, 1,2-dichloropropane, trans-

1,2-dichloroethene, 2-butanone, 2-hexanone, tetrachloroethene, 4-methyl-2-pentanone,  

chloroethane, ethylbenzene, toluene, and xylenes. 

 

Figures 17 (April 2003) and 18 (October 2003) depicts the distribution of VOCs reported at 

concentrations above IGCLs in the bedrock monitoring wells, total HVOC concentrations, and 

the associated area of impact.  Specific VOCs detected at concentrations above IGCLs are 

provided in Table 4 and include the following: 

• trichloroethene in samples collected from monitoring wells B-120D (April and October 
2003), B-125B (April and October 2003), B-126B (April and October 2003), a duplicate 
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of B-126B (B-126BQ) (April and October 2003), B-132B (October 2003), and B-136C 
(April and October 2003); 

• cis-1,2-dichloroethene in samples collected from monitoring wells B-120D (April and 
October 2003), B-125B (October 2003), B-126B (April 2003), B-126BQ (April 2003), B-
132B (April and October 2003), and B-136C (April and October 2003); 

• vinyl chloride in samples collected from monitoring wells B-120D (April and October 
2003), B-125B (April and October 2003), B-126B (April 2003), B-126BQ (April 2003), 
and B-136C during the April and October 2003 monitoring events; 

• 1,2-dichloroethane in the sample collected from monitoring well B-136C during October 
2003; 

• 1,2-dichloropropane in samples collected from monitoring wells B-136C and B-145C 
during the April and October 2003 monitoring events; and, 

• tetrachloroethene in the samples collected from monitoring well B-132B during the April 
and October 2003 monitoring events. 

 

Five bedrock wells were sampled for ethene, ethane, methane, and propane, including B-120D, 

B-125B, B-126B, B-132B, and B-136C.  Similar to previous monitoring events, methane was 

detected in each of these bedrock monitoring wells except B-132B.  Ethene was detected in four 

of the five monitoring wells during the 2003 sampling events with the exception of monitoring 

well B-126B.  Concentrations of ethene ranged from 0.0019 mg/l at monitoring well B-125B to 

0.120 mg/l at monitoring well B-136C.  Detectable levels of ethane were reported in samples 

collected from monitoring wells B-120D, B-132B, and B-136C ranging from 0.0036 mg/l at B-

132B to 0.340 mg/l at B-136C.  Analytical results for VOCs and ethane, ethylene, and methane 

detected in groundwater samples collected from bedrock monitoring wells during 2003 are 

provided as part of Appendix B. 

 

Antimony, copper and thallium were not detected in bedrock groundwater samples collected 

during the 2003 monitoring events.  Metals most commonly detected include aluminum, barium, 

calcium, chromium, iron, magnesium, manganese, nickel, potassium and sodium and vanadium. 

 

Concentrations of certain metals detected in bedrock groundwater samples collected during the 

2003 monitoring events were above IGCLs, as shown on Figures 17 (April 2003) and 18 
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(October 2003) and tabulated in Table 4 (April and October 2003).  Metals detected at 

concentrations above IGCLs in bedrock groundwater during one or both of the 2003 LTMP 

monitoring events include: 

• manganese in samples collected from monitoring wells B-125B and B-136C during both 
the April and October 2003 sampling events; and, 

• vanadium in samples collected from monitoring wells B-119D (April and October 2003), 
B-126B (April 2003), B-126BQ (April 2003) and B-136C (April 2003). 

 

Historical vanadium results are generally lower as compared to results collected from upgradient 

bedrock monitoring well B-143.  Based upon these data, concentrations of vanadium exceeding 

the IGCL in bedrock groundwater downgradient of the landfill, in all likelihood, reflect 

background study area conditions and not impacts related to the landfill. 

 

3.2.3 Geochemical Trend Analyses 

 

Trend plots were developed for monitoring wells, which exhibited concentrations of VOCs 

above IGCLs during 2003, to assess concentration trends for constituents of interest in study area 

groundwater.  Copies of the trend plots are included in Appendix C.  A review of the trend plots 

indicates the following: 

• Concentrations of constituents of interest which exceed IGCLs in monitoring wells 
located east/southeast of the SWDA (i.e., monitoring wells B-103A, B-132, B-132B, B-
133, and B-139A) are decreasing.  These data indicate that the remedial actions 
completed at IWS-2, IWS-3 and the SWDA are limiting additional mass flux of 
constituents of interest into groundwater and that concentrations of VOCs in groundwater 
downgradient of the IWS-3 source area are decreasing through natural attenuation 
processes including dispersion, sorption, and biodegradation. 

• Several patterns were noted at monitoring wells located west and southwest of the 
SWDA, which indicate continued attenuation of chlorinated VOCs.  Specifically, 
concentrations of parent compounds including tetrachloroethene and trichloroethene as 
well as the associated breakdown product cis-1,2-dichloroethene, exhibit decreasing 
concentration trends with increasing concentrations of the daughter product vinyl 
chloride formed during biodegradation of cis-1,2-dichloroethene.  For example, 
concentrations of cis-1,2-dichloroethene are decreasing at monitoring wells B-113BB and 
B-138B whereas concentrations of vinyl chloride formed during biodegradation of cis-
1,2-dichloroethene are increasing at these same locations.  Non-chlorinated VOCs 
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exceeding IGCLs, (specifically 2-butanone) were detected during 2003 at monitoring 
wells B-113BB, B-131C, B-137B, and B-138B.  Concentrations of 2-butanone appear to 
be increasing at monitoring wells B-113BB and B-138B located adjacent to the SWDA 
and are decreasing at monitoring wells B-131C and B-137B located downgradient of the 
SWDA. 

• Concentrations of VOCs exceeding IGCLs are generally stable or increasing within the 
previously delineated extent of impacts south of the landfill. 

• Concentrations of compounds exceeding IGCLs at monitoring well B-136B located 
downgradient of former IWS-2 have been decreasing since October 2002, approximately 
two years after impacted soil was excavated from IWS-2 for disposal.  These data 
indicate that the remedial action at IWS-2 mobilized VOCs into groundwater, and that 
those mobilized VOCs are diminishing with time through attenuation processes including 
dispersion and sorption and, to a limited extent, biodegradation based upon the presence 
of ethene and ethane in impacted monitoring wells downgradient of the landfill. 

 

3.3 SURFACE WATER QUALITY 

 

Surface water samples were collected from stations SW01, SW02 and SW03 within the unnamed 

stream during the 2003 monitoring events and were analyzed for VOCs and TAL metals.  As 

previously outlined in a letter to the EPA dated September 25, 2003, three additional one-time 

surface water and sediment samples were collected from the Passumpsic River in order to further 

characterize the river condition relative to the unnamed stream.  Surface water samples were 

collected approximately 100 feet upstream of the confluence of the unnamed stream and 

Passumpsic River (SW04), at the confluence (SW05), and approximately 100 feet downgradient 

of the confluence (SW06).  These locations are depicted on Figure 2.  Data from these three 

additional surface water stations are discussed below in comparison with the data collected from 

those stations located along the unnamed stream.  Analytical results for the samples are 

presented as part of Appendix B. 

 

Volatile organic compounds were not detected in surface water samples collected from the three 

new stations (SW04, SW05 and SW06) located within the Passumpsic River.  Carbon disulfide 

was the only VOC detected in samples collected from sampling station SW01, located 

upgradient of the SWDA area, during the April and October 2003 monitoring events.  Volatile 

organic compounds were, however, detected in the samples collected from surface water 
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sampling stations SW02 and SW03.  Concentrations of total VOCs reported present in samples 

collected from these surface water monitoring stations ranged from 0.00063 mg/l in a sample 

collected from station SW03 during October 2003 to 0.6333 mg/l in a sample collected from 

station SW02 during October 2003.  Specific VOCs detected in one or more samples included 

the following:  carbon disulfide, acetone, 1,1,1-trichloroethane, methylene chloride, 

tetrachloroethene, trichloroethene, vinyl chloride, cis-1,2-dichloroethene, and trans-1,2-

dichloroethene.  These compounds were all detected at concentrations that are orders of 

magnitude below the Surface Water Criteria established for the project in the Risk Assessment2. 

 

Of the 20 TAL metals analyzed for in surface water, aluminum, barium, calcium, chromium, 

iron, magnesium, manganese, nickel, potassium, and sodium were detected most frequently.  The 

EPA has published acute and chronic AWQC for metals that are considered to be protective of 

freshwater ecological receptors. The AWQC for certain metals (i.e., cadmium, chromium, 

copper, lead, nickel, silver and zinc) is dependent upon the hardness of the water sample, and for 

these compounds the AWQC was adjusted based on sample hardness3.  Both the acute and 

chronic AWQC for each of these metals was calculated and the more conservative value reported 

in the data tables.  With the exception of lead, cobalt and zinc in samples collected from the 

unnamed stream upstream from the landfill (i.e., SW01) during the April sampling event, metals 

detected in the samples collected from the surface water stations within the unnamed stream and 

the Passumpsic River did not exceed AWQC.  Surface water sample results that exceed the 

AWQC have been provided in Table 5. 

 

3.4 SEDIMENT QUALITY 

 

Sediment samples were collected from three sediment locations (i.e., SD01 through SD03) 

during the 2003 monitoring event co-located with surface water sampling stations SW01 through 

SW03.  In addition, as previously outlined in Section 3.3, three additional one-time sediment 

samples were collected from the Passumpsic River in order to further characterize the sediments 

                                                                 
2 TRC Environmental Corporation (1993).  Final Risk Assessment, Parker Landfill, Lyndon, Vermont.  (May 27, 
1993) 
3 EPA (1999).  National Recommended Water Quality Criteria – Correction.  Office of Water.  EPA 822-Z-99-001. 
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within the riverbed relative to the unnamed stream.  Sediment sample locations were co-located 

with the surface water stations (SD04, SD05 and SD06).  These locations are depicted on Figure 

2.  Data from these three additional sediment locations are discussed below in comparison with 

the data collected from those locations located along the unnamed stream.  Samples collected 

from each location were analyzed for VOCs and TAL metals.  Analytical results for the samples 

are presented as part of Appendix B. 

 

Twelve VOCs were detected in one or more of the sediment samples collected during the April 

and/or October 2003 monitoring events.  These VOCs include 1,1,1-trichloroethane, 2-butanone, 

acetone, ethylbenzene, carbon disulfide, trichloroethene, o-xylene, m/p-xylenes, styrene, 

tetrachloroethene, toluene, and cis-1,2-dichloroethene.  Total concentrations of VOCs detected in 

the sediment samples ranged from 0.0056 milligrams per kilogram (mg/kg) in the sediment 

sample collected from downgradient location SD03 during the April 2003 monitoring event to 

0.3343 mg/kg in the sediment sample collected from the upgradient location SD01 during April 

2003.  During the October 2003 sampling event, sediment samples collected from the upstream 

river location, SD04, had the highest concentration (0.3159 mg/kg) of VOCs detected of the six 

sediment samples.  Concentrations of these VOCs were evaluated using sediment criteria 

previously established for contaminants of concern at the Parker Landfill.  Based upon these 

AWQC-based sediment quality criteria, acetone, detected in samples collected from upgradient 

sample SD01 (April and October 2003) and upstream sample SD04 (October 2003) at 

concentrations ranging from 0.190 to 0.39 mg/kg was the sole organic compound to exceed the 

established chronic criteria (i.e., 0.17 mg/kg).  Acetone is not a VOC identified in the 

downgradient study area groundwater.  The detected concentrations of acetone were within the 

range of concentrations reported during the Remedial Investigation.  Other VOCs detected in the 

sediment samples did not exceed sediment quality criteria.  Sediment data that exceeded the 

sediment criteria are provided in Table 6. 

 

Seventeen TAL metals were consistently detected in samples collected from each sediment 

sampling location during both the 2003 monitoring events.  These metals included aluminum, 

arsenic, barium, calcium, copper, cobalt, chromium, iron, lead, magnesium, manganese, 

mercury, nickel, potassium, sodium, vanadium and zinc.  Metals that were detected in sediment 
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samples collected from at least one sediment location included cadmium, thallium and selenium.  

Antimony, beryllium and silver were not detected in the samples collected from the sediment 

locations.  Sediment data that exceeded the sediment criteria are tabulated in Table 6. 

 

Concentrations of certain metals detected in these sediment samples were above the Sediment 

Quality Guidelines established in the Risk Assessment.  Metals that were reported present at 

concentrations above the guidance in include: 

• barium in sediment samples SD01, SD02, SD02Q (duplicate of SD02Q) and SD03 during 
both the April and October 2003 sampling events, in addition to SD04, SD05 and SD06 
during October 2003; 

• iron in the samples collected from location SD01 (October 2003) and SD04 (October 
2003); 

• manganese in samples collected from locations SD01, SD02, SD02Q (duplicate of 
SD02Q) and SD03 during both the April and October 2003 sampling events, in addition 
to SD04 and SD05 during October  2003; and, 

• nickel in the sample collected from location SD04 (October 2003). 

 

These compounds are not identified at elevated concentrations in downgradient study area 

groundwater. 

 

Concentrations of these inorganic compounds were generally detected at concentrations similar 

to the sediment samples collected and tabulated in the RI Report.  Sediment sample locations 

SD01 and SD04 exhibited elevated concentrations in comparison with RI sediment data.  As 

previously stated, both of these samples are in upgradient locations relative to the landfill and 

confluence, respectively.  The variability evident in the data is most likely due to both spatial and 

seasonal variation.  Sediment sample locations SD01, SD02 and SD03 will continue to be 

monitored during subsequent LTMP monitoring events to further assess the data. 
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4.0   CONCLUSIONS 
 

Two sampling events were performed during 2003 in accordance with the LTMP: 

1. April 2003 sampling of 45 monitoring wells, three surface water locations, and three 
sediment locations; 

2. October 2003 sampling of 45 monitoring wells, six surface water locations, and six 
sediment locations; and, 

3. Quarterly water level monitoring of study area monitoring wells and Passumpsic River 
staff gage (January, April, July, October). 

 

Samples collected during these events were analyzed for VOCs and total TAL metals.  A subset 

of monitoring wells was also analyzed for ethene, ethane, propane, and methane; and SVOCs.  

Data generated from the 2003 monitoring events were validated following a modified EPA 

Region I’s Tier I data validation process.  Validated analytical results were incorporated into the 

project database and are presented in, and submitted with, this report. 

 

The following general conclusions have been developed based upon data obtained during study 

area monitoring. 

 

Groundwater Flow 

 

• Water level data collected from monitoring wells during 2003 monitoring events indicate 
that shallow overburden, deep overburden, and bedrock groundwater at the Parker 
Landfill generally flows to the west and southwest towards the Passumpsic River.  This 
flow direction is consistent with groundwater flow patterns identified during the RI and 
from previous LTMP data analyses. 

• Groundwater downgradient from the Parker Landfill is discharging to the Passumpsic 
River as evidenced by 1) the lower river surface elevation compared to the adjacent 
potentiometric and phreatic aquifer levels (i.e., B-120, B-126, B-140); 2) the presence of 
significantly higher terrain and bedrock outcrops immediately west of the Passumpsic 
River; and 3) perched surface water immediately west of the Passumpsic River indicative 
of an elevated water table elevation in this area. 
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Groundwater Quality 

 

• Organic compounds (VOCs and SVOCs) were reported at concentrations exceeding the 
respective IGCL for samples collected during 2003.  These VOCs are similar to those 
identified in 2002 and include: trichloroethene, cis-1,2-dichloroethene, tetrachloroethene, 
vinyl chloride, methylene chloride, benzene, 1,2-dichloropropane, 2-butanone, 1,1-
dichloroethane, 1,2-dichloroethane and 3/4-Methylphenol. 

• Concentrations of manganese, thallium, and vanadium exceeding the IGCL were detected 
in certain groundwater samples collected from background monitoring wells during 2003.  
These data suggest that concentrations of these analytes may be due, in part, to 
background conditions and not representative of landfill-related impacts. 

• Inorganic compounds were reported at concentrations exceeding the respective IGCL for 
samples collected during 2003.  These metals are similar to those detected in 2002 and 
include:  nickel, chromium, lead, manganese, thallium, and vanadium. 

• Chlorinated VOCs are detected in shallow overburden groundwater in areas proximal to 
the landfill, downgradient of the IWS-3 and former IWS-2 disposal areas.  The proposed 
remedial action for this particular area involves the installation of a permeable reactive 
barrier (PRB).  Although decreasing trends in chlorinated compounds have been 
discerned in the LTMP data set, the construction of a PRB would limit the further mass 
flux from the source area and expedite restoration of study area groundwater. 

 
Geochemical Trend Analyses 

 

• Concentrations of chlorinated VOCs are generally either decreasing or stable in 
monitoring wells located east/southeast of the SWDA. 

• Several wells located downgradient of the SWDA and IWS-1 exhibit decreasing or stable 
concentrations of parent compounds with increasing concentrations of daughter products 
formed during biodegradation of the parent compound. 

• Concentrations of some chlorinated VOCs at select monitoring locations located south of 
the landfill and former IWS-2 area exhibit increasing concentration trends.  This area is 
the focus of a pilot-study remedial action involving enhanced natural attenuation to 
remediate groundwater south of the landfill. 
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Surface Water Quality 

 
• Volatile organic compounds were detected in the samples collected from surface water 

sampling stations SW01, SW02 and SW03.  Specific VOCs detected included the 
following:  carbon disulfide, 1,1,1-trichloroethane, acetone, tetrachloroethene, 
trichloroethene, vinyl chloride, cis-1,2-dichloroethene, methylene chloride and trans-1,2-
dichloroethene. These compounds were all detected at concentrations below surface 
water criteria. 

• Volatile organic compounds were not detected in samples collected from the three new 
surface water stations located within the Passumpsic River (i.e., SW04, SW05 and 
SW06). 

• With the exception of lead, cobalt and zinc detected in the sample collected from the 
unnamed stream upstream from the landfill during April 2003 (SW01), metals detected in 
the samples collected from the surface water stations, including the three new stations 
within the Passumpsic River, did not exceed AWQCs. 

 

Sediment Quality 

 

• Twelve VOCs were detected in sediment samples, with concentrations of acetone 
detected in upgradient sample SD01 and upstream sample SD04, exceeding the chronic 
criteria for sediment established for this compound.  The detected concentrations of 
acetone were within the range of concentrations reported during the Remedial 
Investigation. 

• Concentrations of barium, iron, nickel and manganese detected in some sediment samples 
collected from both upgradient and downgradient locations exceeded sediment quality 
guidelines.  Nickel and iron were both detected at concentrations within the range 
reported during the RI.  Slightly elevated concentrations of barium and manganese were 
observed, however, this variation in the data is most likely due to both spatial and 
seasonal variation. 
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